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(57) ABSTRACT 

A method and an apparatus for the modi?cation of seawater, 
brine, or alike, to render it suitable for irrigation, industrial 
use, or for further treatment in a drinking Water puri?cation 
plant, as Well as to extract desired substances from brines, 
such as boron, and to clear Waste from mining processes, by 
reducing environment endangering contaminants, like petro 
leum hydro-carbons, or radioactive substances, as Well as 
inactivating microorganisms and virus in biosolids, by means 
of exposing the substances to high-intensity macrosound, i.e., 
alternating mechanical energy radiation at (ultra-) sonic fre 
quencies. The treatment enhances the separation of salt, 
or/ and other desired materials, from the Water, and activates 
in situ the adsorption of the materials on sorbefacient sub 
stances supplied to the desalination process in form of dust of 
pulverized, lique?ed, or vaporized substances, or by elements 
(of Walls) of treatment chambers, or ?lters. The separation of 
the adsorption material together With the adsorbed salt, or/ and 
any other extract from the liquid, is accomplished by common 
techniques, such as sedimentation, decanter, ?lter, or (elec 
trostatic) separator. 

10 Claims, 3 Drawing Sheets 
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METHOD AND APPARATUS FOR 
DESALINATION OF SEAWATER 

FIELD 

An apparatus for modifying a liquid or solution such as 
desalinating saline Water, such as seawater, brine, or alike, to 
render it suitable for irrigation, industrial use, or for further 
treatment in a drinking Water puri?cation plant, as Well as to 
extract desired substances from brines, such as boron, and to 
clear Waste from mining processes by reducing environment 
endangering contaminants, like petroleum hydrocarbons, as 
Well as radioactive substances. 

High-intensity acoustic radiation (macrosound) enhances 
the separation of salt, or any other desired substances from 
Water, and activates, in situ, the adsorption of the substances 
onto sorbefacient materials (e.g., adsorbent material, sor 
bens), out of Which elements (Walls) of treatment chambers 
are made, or ?lters etc., or supplied to the desalination process 
in form of dust of pulveriZed, lique?ed, or vaporiZed sub 
stances, preferentially lignite (coal), or lava (e.g., pumice or 
volcanic rocks), and alike. The separation of the sorbens 
together With the deposited salt, etc., on the sorbens from the 
Water is accomplished by common techniques, such as sedi 
mentation, decanter, ?lter, or (electrostatic) separation, etc. 

BACKGROUND 

Modern man’s need for Water is pressing. As the World’s 
population has increased, so has the demand for Water, espe 
cially for pure Water, to safeguard public health. From 1900 to 
1960 the demand for Water in the United States increased 
six-fold. By the year 2001, the demand for Water averaged 
900,000,000,000 (billion) gallons per day. Next to homes and 
agriculture, industries are major users of Water. 

There are six different kinds of freshWater reserves, or 
sources. The four concentrated (or main) reserves are those in 
rivers, lakes, man-made reservoirs, and groundWater. The 
other tWo Water reservoirs are found in the atmosphere and 
the soil. These sources are so dif?cult to tap that they are 
knoWn as diffuse, or scattered reserves. 

Water engineers are dealing, and have experimented With 
various methods, including converting salt Water into fresh 
Water. The principle methods researched, developed and so 
far put to limited use are distillation (or evaporation), elec 
trodialysis, freeZing, ion exchange, and reverse osmosis. A 
number of large desalination plants, some With capacities of 
1,000,000 or more gallons per day, have been constructed in 
the United States. HoWever, the use of such plants has been 
much more Widespread outside the United States, especially 
in underdeveloped countries. None of these plants currently 
operate at reasonable costs. 

The problem of adequate Water supply has become more 
and more critical, since more human Waste, as Well as Waste 
from agriculture and industries, pollute the World’s freshWa 
ter resources, such as rivers, lakes, and groundWater. Some of 
the polluting (liquid) Wastes can be treated by various tech 
nologies to become environmentally friendly, and thus pre 
serving the Water resources. The Willingness of people to 
preserve nature by applying adequate technologies for treat 
ment of Waste, is confronted by considerable cost. 

SUMMARY 

The invention provides an apparatus and a method for the 
modi?cation of a liquid or solution such as desalination of 
seaWater, brine, and alike, for producing Water for agriculture, 
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2 
industry and for processing potable Water at reasonable cost. 
The invention also lends itself (With some adaptations of 
mechanical elements of the apparatus) to the extraction of 
radioactive contaminants (such as uranium), and is suitable 
for mining, such as for obtaining boron from brines, as Well as 
for the treatment of polluted e?lluents from mining industries, 
thus serving the protection of the environment. 

The method embraces modi?cation of a liquid or solution 
such as desalination of seaWater, brine, or alike, in a treatment 
chamber, Where the impact of an intense ?eld of alternating 
mechanical energy (macrosound) enhances the separation of 
the desired substances (such as salt, etc.) form the surround 
ing matter, and activates the adsorption of the desired sub 
stances in situ on selected adsorbent materials. The process 
takes place by spraying seaWater, or any other liquids men 
tioned above, onto the sorbefacient materials, out of Which 
elements (of Walls) of the treatment chamber are made, of 
?lters, etc., or supplied to the desalination process in form of 
dust (of pulveriZed, lique?ed, or vaporized) substances. 

In further processing, the sorbens, together With the 
adsorbed material, is separated from the liquid by (electro 
static) separation, or sedimentation, and/or in a decanter, 
(band) ?lter press, or an other common technique, and may be 
subjected to further treatment, or disposal. The separated 
liquids (Water and/or brine) may be used as directed, and/or 
safely returned to nature. Other features and advantages of the 
invention Will be apparent from the accompanying draWing 
and from the detailed description that folloWs beloW. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention is illustrated by Way of an example and not 
limited by the ?gure of the accompanying draWing. 

FIG. 1 is a schematic diagram illustrating an embodiment 
of a system suitable for desalination of seaWater or other 
solution. 

FIG. 2 is an exploded perspective vieW of beater disks of a 
comminuting grinder assembly suitable for use in a treatment 
chamber in the system of FIG. 1. 

FIG. 3 is a schematic top perspective vieW of a rotor assem 
bly of a comminuting grinder assembly and a treatment 
chamber suitable for use in the system of FIG. 1. 

DETAILED DESCRIPTION 

The invention lends itself for modi?cation of a liquid or 
solution such as desalination of saline Water, etc., as Well as 
for economical treatment of liquid Waste, such as brine from 
mining of raW material for producing boron, soda ash, sodium 
sulfate, boric acid, etc. Ef?cacy and reality of the invented 
technology are completed by incorporating loW-cost sub 
stances as sorbefacient or sorbent ingredients, e.g., lignite 
(coal), or lava (pumice), under the impact of alternating 
mechanical energy. Lava (pumice) erupted as molten rock on 
the earth surface by a volcano or through a ?ssure in the 
earth’s surface. It is sometimes poured out over Wide regions 
through great ?ssures in the earth’ s surface, as in the Colum 
bia River plateau of the NW United States, Where it is spread 
over 30,000 sq mi (77,700 sq km) and is up to 5,000 ft (1,524 
m) deep. Other such regions are found in the Deccan plateau 
of India, in E-BraZil, in Iceland, and in Southern California 
(predominantly in the Indian Wells Valley). Lava is composed 
chie?y of silica and the oxides of aluminum, iron, magne 
sium, calcium, sodium, and potassium. Silica, With soda and 
potash, predominates in the light-colored, acid felsites; iron 
oxides, lime, and magnesia, in the dark-colored, basic basalts. 



US 7,770,830 B1 
3 

One embodiment of the invention relates to reducing the 
cost of desalination of Water, as Well as to reducing the cost of 
decontaminating the e?luent from industry and mining 
operation. Contaminated ef?uents may contain (recoverable 
petroleum) hydrocarbons, formaldehyde, (heavy) metals, etc. 

FIG. 1 is a block diagram illustrating an apparatus and 
system for the desalination of seaWater in accordance With 
one embodiment. Desalination of seaWater is one example 
and the apparatus or system may be used to treat other liquid 
(e. g., other Water solutions). It should be understood that 
reducing hydrocarbon content in a brine of a mining opera 
tion may be done in the same apparatus at Working param 
eters, Which are adjusted to the physical and chemical prop 
erties of the matter to be treated. 

Referring to FIG. 1, seaWater, or any other liquid to be 
processed, is pumped from tank 1, by means of pump 2, to the 
treatment chamber 3. Simultaneously, a sorbent material, 
such as lignite (coal)), lava (volcanic rock), or pumice (igne 
ous, extrusive volcanic rock) stored in granular consistency in 
staging area 4, is removed from staging area 4, and fed by 
means of screW or belt conveyor 5 (or alike), to treatment 
chamber 3. Alternatively, elements of treatment chamber 3 
Where a treatment is to occur (e.g., inside treatment chamber 
3) are coated With a sorbent material (e.g., a solid phase 
sorbent material in a form of pulveriZed dust). 
Along this progression, monitoring device 6 such as a How 

meter (e. g., a bucket Wheel ?oW meter) determines and mea 
sures the quantity (e. g., volume or amount) of sorbent mate 
rial to be added and mixed intimately With the liquid to be 
processed. Chamber 3 includes in a housing, With an opening 
to receive the sorbent, an inlet for the seaWater (or a liquid to 
be decontaminated), and an outlet for the treated substance 
(seaWater, any other liquid, and contaminants). A representa 
tive amount of sorbent material is 0.1 percent to one percent 
of the quantity of liquid (e.g., seaWater) to be treated depend 
ing, in part, on the degree of pollution. 

Also Within the housing of chamber 3 is a rotating commi 
nuting grinder (pulveriZer) and a stator. In chamber 3, the 
sorbent material is mixed intimately With the seaWater, or 
other liquid to be treated. This mixture is agitated to produce 
intense turbulences that reduce the surface tension of the 
liquid and enhance the adsorption process. The grinding and 
mixing takes place under a superimposed high-energy, alter 
nating mechanical ?eld (i.e., high intensity macrosound) that 
can be achieved by means of beater disks, pin disks, vortex 
rotors, or any other suitable device. 

Along this progression, monitoring device 6 determines 
and measures the quantity (e.g., volume or amount) of sorbent 
material to be added and mixed intimately With the liquid to 
be processed. Chamber 3 includes a housing, With an opening 
to receive the sorbent material, an inlet for the seaWater (or a 
liquid to be decontaminated), and an outlet for the treated 
substance (seaWater, any other liquid, and contaminants). 
One skilled in the art Will appreciate that exposing a liquid 

and an adsorptive substance (sorbent material) to an altemat 
ing mechanical ?eld in situ may depend upon factors such as 
the distance of one beater, blade, or pin from another beater, 
blade or pin, or on a plurality of said machine elements. 
Additionally, the revolutions per minute (RPM) of a rotor 
(disk that holds the said elements) also affects the alternating 
mechanical ?eld. Either of these factors may be adjusted in 
order to create the required altemating ?eld. In one embodi 
ment, altemating mechanical energy radiation at ultrasonic 
frequencies. One example of operating conditions utiliZing a 
rotor and stator include a 40 centimeter (cm) diameter rotor 
positioned With pins extending from one side and directed at 
an opposing stator also With extending pins. The rotor and 
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4 
stator are separated from one another (pin tip to pin top) by 
tWo millimeters (mm) or less. The rotor rotates at a velocity 
on the order of 3800 revolutions per minute (rpm) or greater 
(e.g., 4000 rpm or greater). 

After treatment, the treated materials may pass through a 
suitable conventional device for separation of the Water from 
the sorbent material and its freight, i.e., the salt, or any other 
material desired, or of concern. A suitable device may include 
tank 7, Where some or all of the solids sinks to the bottom of 
tank 7, by gravity. Other solids contained in the mixture 
leaving chamber 3 may be dehydrated in deWatering system 
8, Where it passes through an (electrostatic) separator, 
decanter, (?lter) press, or the like. If electrolytes are needed to 
enhance the dehydration in deWatering system 8, tank 7 and 
pump 9 may provide such ingredients in adjustable and con 
trollable dose. The majority of mass produced (desalinated 
Water, etc.) leaving the treatment facility, can be stored/ana 
lyZed in tank 10, and released through valve 11, once con 
?rmed to correspond With the applicable environment and 
health laW and regulations. The deWatered solids, i.e., the 
sorbent material With the extracted freight (salt, etc.) are 
removed from the treatment assembly by screW or belt con 
veyer, or similar device 12, to storage or delivery exit 13. 

FIG. 2 is a perspective exploded vieW of beater disks, stator 
21 and rotor 22, as Well as sieve basket 23 for the use in a 
treatment apparatus or chamber (grinding and mixing assem 
bly) of FIG. 1, that may be used in accordance With one 
embodiment of the invention, for example, in chamber 3. The 
beater disks grind the stock of lumps of sorbent material to a 
high degree of ?neness, creating a dust of adsorbing sub 
stance. A roW of clearing blades ensures that the sieve is kept 
clean, to guarantee maximum ef?ciency. The beater disks 
also disperse the seaWater (and/or the liquid concerned), and 
spray it into the dust of sorbent material (or against Walls 
made of sorbent substances), as described With FIG. 1 above. 

FIG. 3 is a schematic top perspective vieW of an embodi 
ment of a rotor assembly connected to chamber 3. FIG. 3 
shoWs frame 31 extending from chamber 3. Frame 31 con 
tains shaft 33 Which extends vertically from chamber 3. Pul 
ley 32 is connected to one end of shaft 33 for a V-belt to 
connect to a motor (not shoWn) to rotate shaft 33. A second 
end of shaft 33 extends into chamber 3. A rotor, such as rotor 
22 (shoWn in FIG. 2) is connected to the second end of shaft 
33 inside of chamber 3. Input 35 for liquids (such as saline 
Water), and input 36 for sorbent material; together With the 
output 37 provides the means for continuous operation of the 
treatment in the sense of the invention in hand. 

Example 

For illustration of the invention’s economic treatment cost 
of saline Water processing, it should be noted, that the proto 
type desalination apparatus may desalinate ~9,000 gallons 
per hour, With an electric poWer input of ~38 kWh*, corre 
sponding to 4.2 kWh for 1,000 gal (z1.1 kWh/t) seaWater 
(*inclusive electric energy for the pump 5; see FIG. 2). 
The sorbent material Was pulverized lignite; the “rotor” of 

the prototype machine operated at 3870 rpm, equipped With 
66 blades; the “stator” had 68 blades; the diameter of the 
“sieve” Was 16.8 inches. 

According to reports of other treatment technologies found 
in open literature, the energy consumption e.g., for reserve 
osmosis (RO) amounts to 26.7 kWh for 1,000 gal (z7 kWh/t) 
seaWater (3.7% salt content) for the production of potable 
Water With salt content<500 ppm (single step), in large desali 
nation plants (With pressure recovery for the electric poWer 
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for pumps). Smaller plants (Without pressure recovery) con 
sume up to 119-150 kWh for 1,000 gal (@30-40 kWh/t) sea 
Water. 

What is claimed is: 
1. An apparatus comprising: 
a chamber comprising: 

a ?rst inlet for a sorbent material, 
a second inlet for a liquid to be treated, and 
an outlet; 

a rotatable comminuting grinder disposed in the chamber 
capable of producing an alternating mechanical energy 
radiation at ultra-sonic frequencies and modifying a liq 
uid; and 

a sieve disposed in the chamber Wherein the grinder is 
disposed in the sieve. 

2. The apparatus of claim 1, Wherein modifying comprises 
desalinating the liquid. 

3. The apparatus of claim 1, Wherein modifying comprises 
decontaminating the liquid to meet health and environmental 
requirements. 

6 
4. The apparatus of claim 1, Wherein modifying comprises 

removing heavy metals, including radioactive elements, and 
liquids, or pathogens. 

5. The apparatus of claim 1, Wherein the sorbent material 
comprises at least one of lignite (coal), or lava (volcanic 
rock), and pumice (igneous, extrusive volcanic rock). 

6. The apparatus of claim 1, Wherein the sorbent material 
comprises one of solid phase, an element of the surrounding 
chamber, cell, or place, Where the treatment is applied, and 
the sorbent material is one of lique?ed, or vaporiZed phase. 

7. The apparatus of claim 1, further comprising a separator 
coupled to the outlet. 

8. The apparatus of claim 1, further comprising a dehydra 
tor coupled to the outlet. 

9. The apparatus of claim 1, Wherein the grinder comprises 
a pair of beater disks. 

10. The apparatus of claim 9, Wherein the beater disks 
comprise a rotor and a stator and the rotor may be operated at 
on the order of 3800 revolutions per minute. 

* * * * * 


